The role of interleukins in the severity and clinical profile of chronic obstructive pulmonary disease (COPD) is not known, but evidence supports the contribution of systemic inflammation to disease pathophysiology. This study evaluated the relationship of serum biomarkers to the severity and clinical parameters of COPD. Methods and findings: Serum levels of high-sensitivity C-reactive protein, interleukin-6 (IL-6), and interleukin-8 (IL-8) were measured in 50 patients with stable COPD and in 16 controls. The levels of these biomarkers were compared with parameters of severity, such as the grading of flow obstruction using the recommendations of the Global initiative for chronic Obstructive Lung Disease, the BMI (body mass index), obstruction, dyspnea, exercise capacity (health index) index, the number of exacerbations within the last year, and peripheral oxygen saturation after the six-minute walk test, and with clinical parameters, such as bronchitis and non-bronchitis phenotypes, the number of associated comorbidities, and the smoking burden. COPD patients exhibited higher levels of IL-6 and IL-8 compared to the control group. Higher levels of IL-6 occurred in COPD groups with body mass index ,21 kg/m 2 , with more than two exacerbations in the past year, with a higher smoking burden, and with bronchitis. The increase in serum IL-8 was found only in the group with the highest number of exacerbations within the previous year. Conclusion: Increased IL-6 was mainly associated with smoking burden, in patients who had smoked for more than 30 pack-years and exhibited a bronchitis phenotype. No direct association was observed for both IL-6 and IL-8 blood levels with the severity of COPD in ex-smokers.
Introduction
Chronic obstructive pulmonary disease (COPD) is the fifth leading cause of mortality worldwide, and it is responsible for 5.1% of deaths. 1 This disease is characterized by a chronic and progressive airway obstruction that is associated with an increased inflammatory response to noxious particles. Tobacco is the primary causal agent of COPD, but genetic factors, chronic infections, and other environmental exposures, such as wood smoke, are also associated with COPD. 2, 3 The inhalation of tobacco and toxic gases initiates the pulmonary inflammatory cascade, which includes many cell types and inflammatory mediators that produce tissue injury without effective repair and changes in the structure of the airways. [4] [5] [6] High levels of circulating polymorphonuclear leukocytes and an increase in inflammatory markers, including C-reactive protein (CRP), fibrinogen, tumor necrosis factor alpha, and interleukins (IL), such as IL-8, IL-6, IL-1β, IL-10, and IL-12, participate in this process, which persists despite smoking cessation.
Elevated levels of CRP, IL-6, and IL-8 are associated with diminished forced expiratory volume in 1 second (FEV 1 ), and increased dyspnea and grading as Global initiative for chronic Obstructive Lung Disease (GOLD) stages 3 and 4 in COPD patients, 8, 9 which supports the relationship of these inflammatory mediators with COPD severity. [10] [11] [12] The inverse relationship of CRP and IL-6 to FEV 1 supports a function of these proteins in the obstructive process of COPD. 9 These results support the importance of these biomarkers as new mechanisms for the identification of COPD severity.
Recent research has focused on phenotypes to determine new approaches in COPD patients. 13, 14 These studies evaluated biomarker levels with clinical-functional approaches and prognosis to broaden the evaluation of COPD severity; current smokers were excluded because cigarette smoke induces systemic inflammation. 15, 16 Nowadays, little data are available regarding the impact of smoking cessation on chronic inflammation, both in the lungs and system-wide. 17 Therefore, the present study provides value by assessing the inflammatory status of different clinical profiles in a population composed only of former smokers.
The aim of this study was to understand if the severity of the clinical status of COPD patients who were ex-smokers was associated with inflammatory markers such as IL-6 and IL-8.
Methods

Study population
This study was a cross-sectional analytical study using nonprobability convenience sampling. This study included 50 COPD patients in the stable phase who were ex-smokers aged $40 years; presented with FEV 1 /forced vital capacity (FVC) ,0.7, measured 15 minutes after the administration of 400 µg of inhaled salbutamol (Aerolin ® ; GlaxoSmithKline plc, London, UK); and had a smoking history of $10 packyears. Sixteen control subjects aged $40 years with normal lung function (FEV 1 /FVC .0.7) and no history of smoking were also included. Individuals using systemic corticoids, statin therapy, immunosuppressant drugs, and/or antibiotic therapy 30 days prior to inclusion were excluded from the study. Subjects reported no previous history of asthma, chronic systemic inflammatory disease, congestive cardiac failure, or severe coronary artery disease. Individuals with grade III obesity (body mass index [BMI] $40 kg/m 2 ) and pregnant and nursing women were also excluded.
The patients were categorized by stage of airflow obstruction using the GOLD 2011 criteria 18 and BMI (body mass index), obstruction, dyspnea, exercise capacity (health index; BODE) index, which includes the 6-minute walk test (6MWT), the dyspnea index of the Modified Medical Research Council (mMRC), BMI, and FEV 1 . Patients were also categorized by the number of exacerbations per year and peripheral oxygen saturation (SpO 2 ) after the 6MWT. The bronchitis and non-bronchitis phenotypes, number of associated comorbidities, and smoking burden were used for the clinical evaluation. The classification of patients with the bronchitis phenotype used the following criteria: presence of productive cough for more than 3 months in two successive years. 19 All patients who did not meet these criteria were classified as non-bronchitis. We chose this classification because the definition of emphysema is not clinical ("increase of air spaces distal to the terminal bronchioles, with destruction of the walls") 19 and brings serious operational problems. 20 COPD patients were also classified according to medication: patients who used inhaled corticoid-based medication (group 2) and patients who did not use inhaled corticoids (group 1). The individuals underwent blood sample collection, pulmonary function tests, and 6MWT with SpO 2 monitoring.
The Committee on Research Ethics of the General Hospital of the Federal University of Goiás approved this study, which followed the regulations for human research established by the Brazilian National Health Council (CNS) Resolution CNS 196/96 and was conducted in accordance with the principles expressed in the Declaration of Helsinki. All of the individuals freely signed an informed consent form.
Pulmonary function tests
All subjects underwent pulmonary function testing using the spirometer EasyOne ® (Fleximed, ndd Medizintechnik AG, Zürich, Switzerland). The methods and criteria used were those recommended by the American Thoracic Society. 21 First, the patients were weighed and measured. Spirometry measurements were obtained before and 15 minutes after inhalation of bronchodilator salbutamol (400 µg). FEV 1 was evaluated and FEV 1 percentage predicted (FEV 1 %) and FVC were assessed after the use of a bronchodilator. The predicted values were established according to the methods of Pereira et al.
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6MWT
The 6MWT was performed according to the regulations of the American Thoracic Society. 23 The following parameters were used for statistical analyses: distance achieved and SpO 2 after the 6MWT.
Peripheral blood measurements
Plasma levels of IL-6 and IL-8 were measured using an enzyme-linked immunosorbent assay and the BD OptEIA™ 
Statistical analysis
Optical density dose conversion in picograms per milliliter was performed using linear regression analysis from the standard curve of each test. The results obtained were entered into Microsoft Excel 2010 (Microsoft Corporation, Redmond, WA, USA). All statistical analyses were per formed in GraphPad Prism 5.0 (GraphPad Software, Inc., La Jolla, CA, USA). The nonparametric data are reported as mean ± standard deviation. Across-group comparison of tree groups was done by the nonparametric Kruskal-Wallis test followed by Dunn's post hoc test. Direct comparisons between two groups were performed with the nonparametric Mann-Whitney test. Fisher's exact test evaluated the differences between the percentages of comorbidities and the difference between sexes. The chi-square test evaluated the differences between the percentages of comorbidities. Differences were considered significant when P,0.05.
Results
Clinical characteristics of the study population
The clinical characteristics of the study population are presented in Table 1 .
The ages of COPD patients and controls were comparable with a mean and standard deviation of 63.7±7.8 years in the control group and 66.6±8.9 years in the study group (P=0.2709). The proportion between sexes was also comparable (P=0.417) ( Table 1) .
The frequency of comorbidities with confounding factors that could interfere with the blood levels of the studied biomarkers was evaluated in each group. The COPD group exhibited an incidence of arterial hypertension of 36.4% compared to 63.6% in the control group, and this difference between groups was significant (P=0.04). The groups exhibited similar incidences of the other comorbidities with no significant differences. The most common comorbidities in this study were osteoporosis, diabetes, dyslipidemia, osteoarthrosis, arrhythmia, gastritis, depression, peripheral vasculopathy, and cardiovascular disease.
Comparison of inflammatory serum biomarker levels in COPD patients and the control group
The patients were divided according to the use of inhaled corticoid treatment as a confounding factor for the evaluation of biomarkers. COPD patients who were using inhaled corticoids revealed higher levels of IL-6 (28.70±29.96 pg/mL) than the control group (5.42±3.72 pg/mL; P=0.0156). In contrast, no difference was observed between the two COPD groups. IL-8 levels were higher in COPD patients who were not using inhaled corticoids (22.47±11.79 pg/mL) than in the control group (13.05±6.73 pg/mL; P=0.0154). Again no difference was found when COPD patients were using or not using inhaled corticoids. The levels of hs-CRP did not increase significantly.
In general, COPD patients exhibited higher serum levels of IL-6 (28.20±29.86 pg/mL) and IL-8 (21.01±13.63 pg/mL) (Figure 1 ). No differences in serum levels of hs-CRP were observed between COPD patients and controls (P=0.8827) ( Figure 1C ).
Relationship between serum cytokines and severity parameters
The intensity of flow obstruction as classified by GOLD, the BODE index criteria (6MWT, BMI, mMRC, and FEV 1 ), the number of exacerbations per year, and the post-walking SpO 2 test evaluated COPD severity in this study. The COPD group was GOLD graded, and the IL-6, hs-CRP, and IL-8 levels in patients in GOLD stages I-II and stages III-IV were compared to the control group; no differences were observed. Across-group comparison also did not show differences (Table 2) . Table 3 shows the results when the BODE ( 
Relationship between inflammatory serum biomarkers and the clinical parameters of COPD
COPD patients with two associated comorbidities exhibited higher IL-6 levels (34.95±28.70 pg/mL; P=0.0078) than the control group and COPD patients with one associated comorbidity (6.06±7.36 pg/mL; P=0.0290). The COPD patients with no associated comorbidities exhibited higher IL-6 levels (32.97±31.08 pg/mL) than the control group (5.42±3.72 pg/mL; P=0.0110, Kruskal-Wallis analysis followed by Dunn's test) and COPD patients with one associated comorbidity (P=0.0124).
The IL-8 levels were higher in COPD patients with two comorbidities (23.63±14.58 pg/mL) than in the control group (13.05±6.73 pg/mL; P=0.0217).
COPD patients who smoked between 10 and 30 pack-years exhibited elevated IL-8 levels, but this difference was not significant relative to the control group. IL-6 levels were elevated in COPD patients who smoked more than 30 pack-years (24.97±24.91 pg/mL; P=0.0007) compared to the control group. IL-8 levels were also elevated in COPD patients who smoked more than 30 pack-years (21.71±12.85 pg/mL; P=0.0274) compared to the control group. No differences in IL-6 levels between the smoking burden groups were observed.
Discussion
COPD patients exhibited significantly elevated IL-6 and IL-8 serum levels compared to the control group, which suggests systemic inflammatory activity in stable COPD patients. Higher levels of IL-6 occurred in groups with BMI ,21 kg/m 2 , more than two exacerbations in the past year, a higher smoking burden, and bronchitis. Higher levels of IL-8 were found only in the group with the highest number of exacerbations.
The relationship between interleukins and COPD severity has been more frequently evaluated using the GOLD airflow obstruction classification, but few studies have evaluated the association of interleukins with disease severity on a wider scale. A positive correlation between IL-6 concentrations and a more rapid decline in FEV 1 has been demonstrated previously, but these results were observed in induced sputum. 24 Serum IL-6 was a better marker, such as the BODE index, SpO 2 , and the number of exacerbations, which is included 
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IL-6 and IL-8 blood of ex-smokers with COPD in the latest GOLD evaluation (2011). 18 Celli et al 25 showed that the association of IL-6 levels with mortality rates was improved when the BODE index and hospital admission history were evaluated. However, the inclusion of other blood biomarkers, as in the current study, did not improve the outcome. IL-6 participates directly in inflammation, and it may be used as a marker of low-grade systemic inflammation and as an additional parameter for risk assessment. [25] [26] [27] [28] The BODE index is currently the most commonly used parameter for the assessment of the risk of death in COPD patients. BMI is a BODE parameter, and it is an important clinical marker of COPD; a low index is translated as a higher mortality risk within this population. 29 BMI was lower in COPD patients with more severe GOLD grades in the present study. Systemic inflammatory activity may play a role in weight loss in COPD patients, but no conclusive elements have associated COPD cachexia with the inflammatory process. Approximately 25% of COPD patients develop cachexia, and the proposed mechanisms include disuse atrophy, energy imbalance, tissue hypoxia, anabolic hormone insufficiency, and systemic inflammation. However, whether the inflammation is the primary cause of cachexia has been impossible to determine until recently. 30 The walking test is another important clinical marker that is routinely used in COPD patients to assess mortality risk and the capacity to perform daily living activities. Morales et al 31 related hs-CRP and IL-6 levels to more exacerbations during the previous year and higher degrees of dyspnea on the 6MWT, but not with the distance walked. In the present study, there was no difference in the concentration of interleukins (IL-6, IL-8) when dividing the groups according to the distance covered.
Dyspnea, as measured by mMRC, is a BODE index parameter that is used to determine COPD severity according to the GOLD criteria (2011). 18 Aaron et al 8 demonstrated that CRP, IL-6, and IL-8 are significantly associated with worsening dyspnea. However, other studies have only observed this relationship with hs-CRP. 9, 32 The results presented here, however, could not find any association of COPD severity with the three inflammatory biomarkers IL-6, IL-8, and hs-CRP.
A greater number of exacerbations per year may be related to systemic inflammation, and it may indicate 
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IL-6 and IL-8 blood of ex-smokers with COPD increased inflammatory activity in these patients, which can persist after recovery. Higher levels of IL-6 were exhibited in individuals with at least one exacerbation per year in the present study. Patients with more than 2.5 exacerbations per year exhibited an increase in IL-6 that was related to a more rapid loss of FEV 1 . 24 These exacerbations are important in COPD progression, but this disease's mechanisms are not fully understood.
The levels of IL-8 were elevated in COPD patients who smoked more than 30 pack-years. Smoking burden may also be associated with systemic inflammatory activity. It may be that IL-8 is a good biomarker only for ex-smokers. Patients with the same degree of obstruction but different clinical phenotypes may exhibit differences in local or systemic inflammation. 33 Individuals who smoked a higher number of cigarettes exhibited higher concentrations of IL-6 and IL-8; additionally, it has been suggested that systemic inflammatory reactions persist after smoking cessation. Previous studies have been performed on individuals who maintained their smoking habit 
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Moraes et al and a greater release of IL-8 is observed in these patients, which increases the number of neutrophils and lymphocytes in the sputum. 34 IL-8 was more elevated in individuals with COPD than in smokers without flow obstruction. 35 The number of comorbidities was not clearly associated with systemic inflammation in the present study, probably because individuals who were using statins were also excluded, since these drugs may exert anti-inflammatory activity. Watz et al 36 reported that an average of 47.7% of COPD patients exhibited metabolic syndrome. They also demonstrated significantly elevated hs-CRP and IL-6 in patients with metabolic syndrome and physical inactivity independent of pulmonary function.
The presence of comorbidities may be a confounding factor because many comorbidities also induce systemic inflammation. 37, 38 However, the mechanisms underlying the association of COPD with comorbidities are not fully understood. 39 No significant differences in the incidence and type of comorbidity were observed between the control and study groups, except for the higher incidence of arterial hypertension in the control group. However, these individuals were selected from an arterial hypertension clinic.
The present study has several limitations, such as the crosssectional design, the sample size, and the evaluation of only a small number of biomarkers. The identification of disease biomarkers may be important for the diagnostics and prognostics of COPD and may provide better guidance for treatment. However, longitudinal studies are required to evaluate the longterm behavior of inflammatory biomarkers in COPD.
In conclusion, smoking cessation does not decrease IL-6 levels since increased IL-6 was mainly associated with smoking burden in COPD patients who had smoked for more than 30 pack-years and exhibited a bronchitis phenotype. No direct association was observed for both IL-6 and IL-8 blood levels with the severity of COPD in ex-smokers.
